Objective: To measure adherence to a specific exercise prescription (1500 kcal week À1 ) by objectively quantifying unsupervised exercise energy expenditure (ExEE) in obese women. Design: The 16-week lifestyle intervention consisted of weekly meetings with research staff and promotion of increased ExEE (1500 kcal week À1 ) and a decreased dietary intake (À500 kcal day À1 ). Participants: Twenty-nine obese females (body mass index ¼ 36.8 ± 5.0 kg m À2 , body fat ¼ 49.6 ± 3.7%) from a hospital-based lifestyle intervention were included in the analysis. Measurements: ExEE was estimated and monitored weekly using heart rate monitoring, and body composition was measured before and after the intervention by dual-energy X-ray absorptiometry. Results: Free-living adherence to the exercise prescription was variable and, on average, modest such that 14% achieved 1500 kcal week À1 , and the average weekly ExEE (768 kcal week À1 ) represented 51.2% of the total amount prescribed. ExEE was correlated with changes in body weight (r ¼ 0.65, Po0.001) and fat mass (r ¼ 0.65, Po0.001). Achievement of a 5% weight loss target was dependent on the achievement of an ExEE level of 1000 kcal week À1 (Po0.001). Exercise 'adherers' (41000 kcal week À1 ) lost more weight (À9.9 vs À4.1 kg), more fat mass (À6.8 vs À3.0 kg) and more waist circumference (À9.8 vs À5.6 cm) when compared to 'non-adherers' (o1000 kcal week À1 ). Discussion: Exercise is an integral component of lifestyle interventions aimed at reducing obesity and its complications. However, without accurate and objective measures of ExEE, it is difficult for relationships between exercise and health outcomes to be elucidated. The present study suggests an alternative to self-report to increase the confidence with which conclusions are drawn regarding the role of exercise within lifestyle interventions.
Introduction
The decline in daily physical activity levels in both developed and developing countries is considered a major contributor to the current obesity epidemic. 1 A commonly cited physical activity recommendation stems from the US Surgeon General's Report, 2 which states that adults of all ages can benefit from a moderate amount of daily physical activity. Brisk walking is commonly recommended and appears to meet the minimum intensity recommended to achieve cardiorespiratory benefits in unfit individuals. 3, 4 Proposed relationships between physical activity and health vary considerably and this is arguably the result of difficulty in accurately measuring physical activity. Beneficial changes in body weight and health parameters, in response to supervised and rigorously controlled exercise interventions, have been observed in several studies. [5] [6] [7] [8] [9] There appear to be ample data suggesting that highly controlled and supervised exercise, independent of changes in diet, can induce significant decreases in body weight. What is less clear is how obese individuals respond when they are asked to comply with a specific exercise prescription on their own at home; a scenario that arguably presents a more 'real life' context. Given that exercise is commonly recommended in conjunction with a healthy diet to overweight and obese individuals, striving to measure the typical adherence rates in high-risk individuals is a relevant issue.
In 2003, a review outlined four landmark diabetes prevention trials that incorporated some element of lifestyle change into the prescribed intervention. [10] [11] [12] [13] [14] However, these trials prescribed exercise by volume (minutes of physical activity per day or per week) and little, if any, information was collected or reported regarding the amount and/or intensity of physical activity that was completed. Similarly, more recent discussions on the role of exercise in type 2 diabetes have made a general exercise recommendation of walking or jogging, 10-30 min per day, 3-5 times per week. 15 Self-reported exercise diaries and questionnaires have been used in the past to measure adherence; 9, 16, 17 however, overestimation of self-reported exercise data has been identified as a problem, particularly in overweight and obese individuals. 18, 19 Support for the use of objective measures of diet and exercise is increasing; 20 a change that is required to elucidate which treatment component is not being followed and to what extent this is contributing to a lack of expected change in both weight loss 21 and health benefit.
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Adherence to prescribed exercise and dietary advice under free-living conditions is vulnerable to measurement difficulties. Fortunately, the development of objective physical activity monitoring instruments such as heart rate monitors, accelerometers and pedometers now allows physical activity behaviour to be quantified with greater confidence. Heart rate monitors are considered valid tools to quantify exercise energy expenditure (ExEE) 23, 24 and are realistic to use in lifestyle interventions because they are inexpensive, noninvasive and convenient to use. 25 As physical activity measurement techniques emerge and improve, it is likely that new relationships between physical activity and health will emerge or that existing relationships may be altered. The aim of this study was to measure the adherence of obese women who were prescribed a weekly ExEE target of 1500 kcal week À1 of unsupervised exercise. To rigorously answer this question, ExEE was quantified objectively using heart rate monitoring.
Research methods and procedures

Study participants
Participants were ambulant obese females (n ¼ 29) recruited into a hospital-based lifestyle intervention trial (body mass index 430 kg m À2 ). Exclusion criteria included type 2 diabetes, pregnancy or lactation, history or clinical findings of cardiovascular disease, recent weight loss or use of weight loss medications.
Study design
The study population represents a subgroup of a larger study in which the effects of insulin sensitization on cardiovascular structure and function were being studied. The participants undertook a 16-week lifestyle intervention programme aimed at improving insulin sensitivity by weight loss and increased physical activity. Participants were encouraged to lose 5% of their baseline body weight during the trial. The intervention consisted of weekly meetings with research staff and promotion of increased ExEE (1500 kcal week
À1
) and a decreased dietary intake (À500 kcal day
). ExEE was estimated by heart rate monitors using proprietary algorithms and a memory function in the monitor allowed exercise adherence to be verified by an exercise physiologist. The dietary advice was concurrently administered by a dietitian, although rigorous tracking of dietary intake was not completed. The study was approved by the university and hospital human research ethics committees.
Heart rate monitoring to quantify physical activity To quantify ExEE during the intensive intervention phase, Polar M32 (Polar Electro, Kempele, Finland) heart rate monitors were provided to each participant. Participants were trained in the use of monitors, were provided with an individualized training heart rate zone and were encouraged to achieve 1500 kcal of ExEE each week. Brisk walking was the exercise modality encouraged, although participants were free to undertake other aerobic activities. The heart rate monitors provided participants with an immediate estimation of the ExEE of each exercise session, which allowed self-tracking of progress towards the weekly target. The exercise physiologist collected the ExEE data at each appointment at which time the total weekly ExEE and exercise time were verified in the memory function of the heart rate monitor.
Defining exercise adherence
The rationale behind prescribing 1500 kcal week À1 of exercise represented a compromise between the different exercise recommendations for health benefit 3 (1000 kcal week
À1
) and weight loss 1 (42000 kcal week
). A level of 1000 kcal week
was used in analyses as a reference level to define adherence as it represents a clinically relevant dose of exercise.
Submaximal treadmill protocol
The submaximal treadmill protocol involved four 4-min stages of increasing mechanical work. The first stage was completed at a comfortable walking speed with the treadmill surface horizontal. Depending on ability, all participants completed at least one of two standard speeds (4, 4.8 kph). Participants remained seated for 5 min between each stage of the protocol to allow for recovery. Participants were fitted with a Hans-Rudolf headset (with two-way breathing valve and pneumotach), a nose clip and a Polar Coded Transmitter (Polar Electro). The Polar heart rate monitor (M32) collected
Exercise adherence in obese women RC Colley et al heart rate and energy expenditure data during the four stages of exercise. The watches were preset with all relevant user variables (date of birth, weight, gender). The watches were restarted at the commencement of each stage to eliminate the cumulative count of calories expended during the rest periods. To calculate ventilation ( . V E ), oxygen consumption ( . VO 2 ), carbon dioxide production ( . VCO 2 ) and respiratory exchange ratio (RER) respiratory gases were collected throughout the test using the Moxus gas analysis system (Moxus, AEI Technologies, PA USA). The infrared CO 2 analyser (Amatek S-3A, AEI Technologies, PA, USA) and a Zircon cell O 2 analyser (Amatek CD-3A) were calibrated prior to each test against known gas concentrations and the flow meter calibrated at various flow rates with a 3.0 l syringe.
Measurement of body composition
Body composition was measured using dual-energy X-ray absorptiometry (DPX-Plus; Lunar Corp, Madison, WI, USA). The scans were analysed by a licensed radiologist using the DPX-L adult software, version 1.33 (Lunar Corp). Daily calibrations were performed before all scans using a calibration phantom block provided by the manufacturer. Waist circumference was measured weekly during the intensive intervention by a dietitian. All measurements were made by the same person to avoid interindividual variation in measurement technique. Measurements were made at the midpoint between the lower costal border and the top of the iliac crest.
Statistical analysis
All statistical analyses were completed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA), with significance set at Po0.05. Baseline participant characteristics and descriptive data are presented as means and standard deviations. Repeated measures analysis of variance was performed to determine if the level of ExEE changed throughout the 4 months of the intervention. Post hoc comparisons with Bonferroni adjustment were completed to detect any differences between months. Pearson correlations were used to investigate the strength of the relationship between the weekly ExEE and changes in body weight and fat mass. w 2 analysis was completed to determine the dependency between achievement of the physical activity target (1000 kcal week
À1
) and achievement of the target weight change (À5%). Magnitude of change in study outcomes between 'adherers' (achieving 1000 kcal week
) and 'nonadherers' (achieving o1000 kcal week À1 ) was assessed using t-tests. Data from the submaximal treadmill test results for participants able to complete the 4.8 kph stage (n ¼ 17) were used to examine the accuracy of the heart rate monitor to predict the energy cost of moderate walking using Bland-Altman analysis. 26 The authors certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research.
Results
Note: A non-SI unit (kcal) is used throughout given that the discussion relates to published recommendations in kcal week À1 , where 1 kcal ¼ 4.184 kJ.
Baseline descriptive characteristics are presented in Table 1 . Thirty-seven women were recruited into the trial; however, insufficient heart rate monitoring data in eight women meant that they were not included in the analyses. Therefore, compliance with using the heart rate monitor (not necessarily doing the exercise) was 78%. The most common modality of exercise undertaken was walking, though cycling, swimming and the use of elliptical trainers were also reported. The monthly trend in ExEE is presented in Figure 2 ; ExEE increased from month 1 to month 2 (Po0.01) and from month 1 to month 3 (Po0.01). In the fourth month, ExEE returned to a level no different to the first month. ExEE measured by indirect calorimetry was correlated with the ExEE estimated by the heart rate monitors (r ¼ 0.66, Po0.01). The heart rate monitor underestimated the energy expenditure of walking at 4.8 kph by an Table 1 Baseline characteristics of participants (mean ± s.d.); presented as a complete group and subdivided into 'adherers' and 'non-adherers' Exercise adherence in obese women RC Colley et al average of 0.8 ± 1.1 kcal min À1 (À1.5 to 3.0, 95% confidence interval). Exercise energy expenditure was correlated with both change in body weight (r ¼ 0.65, Po0.001) and in fat mass (r ¼ 0.65, Po0.001). ExEE explained 42% of the variance in weight change (Figure 3a) and 42% of the variance in fat mass change (Figure 3b) . w 2 analysis indicated that achievement of the weight loss goal was dependent on achievement of a moderate level of ExEE (1000 kcal week
À1
; Po0.001).
Nine participants achieved both goals, 14 achieved neither and 6 achieved the weight loss goal without achieving the ExEE goal. All participants who achieved the exercise target reached their weight loss goal (Figure 4 ). Table 1 displays the primary study outcomes for the adherers and the non-adherers. The adherers lost significantly more weight (À9.9 vs À4.1 kg) and more fat mass (À6.8 vs À3.0 kg) and had greater reductions in waist circumference (À9.8 vs À5.6 cm). A significant negative correlation (r ¼ À0.44, P ¼ 0.02) was observed between baseline percentage of body fat and ExEE, suggesting higher adiposity at baseline predicted lower compliance with the exercise prescription. Adherers were significantly older ( þ 7.2 years; P ¼ 0.018) at baseline than non-adherers (Table 1) .
Discussion
The benefits of exercise within the context of lifestyle intervention programmes aimed at reducing obesity and its complications are well accepted. The present study demonstrates that exercise is associated with both overall weight loss as well as fat mass loss in a group of obese women undergoing a structured lifestyle intervention programme. This finding is not novel given the multitude of controlled studies that have shown that when completed, exercise is associated with health benefit and weight loss. [5] [6] [7] [8] [9] However, within the context of large-scale lifestyle interventions, it is often unrealistic to supervise the exercise training of the participants and thereby have high confidence in the true dose of exercise completed. Therefore, the present study Exercise adherence in obese women RC Colley et al suggests an alternative approach to quantifying exercise adherence under free-living conditions with the use of heart rate monitors. The rationale for this approach was born out of an urgent need to move away from a reliance on selfreported exercise data. 20 The findings are relevant in the current literature given that conclusions regarding the merit, or lack thereof, of exercise within lifestyle interventions have the potential to be misleading if the exercise data collected are not accurate. Low confidence in the true amount and intensity of physical activity completed makes it impossible to ascertain the presence and/or degree of relationship between physical activity and a range of health outcomes. The main finding of this study was that obese women have a highly variable and, on average, modest adherence to a prescription of 1500 kcal week À1 of unsupervised exercise; in fact, the women in the present study achieved, on average, just over half of the prescribed dose. However, the wide variability in weekly ExEE indicates that some participants engaged in little or no exercise, whereas others surpassed the prescribed dose. It is worth noting that eight women not included in the analyses failed to use the heart rate monitor and reported no exercise throughout the 16-week intervention. This outcome suggests that the intervention and/or the use of heart rate monitors is not the optimal approach for all Exercise adherence in obese women RC Colley et al individuals and also highlights the challenge faced when physical activity is taken up by individuals who have been sedentary for a long period of time. Although this result is not surprising, it is important to remember how valuable the objectivity of the physical activity data is, given that the more common approach taken to quantifying ExEE is to rely on the assumption that the recommendations were followed or that the self-reported information is accurate. Without the use of heart rate monitors in the present study, it may have been unclear how modest the adherence rate was, given that participants have both a desire to appear to be compliant and often have a poor understanding of how to characterize the duration, intensity and dose of their exercise sessions. In addition, the observation that ExEE decreased during the fourth month in approximately three-quarters of the group is an important finding, which may have been missed, had the exercise been self-reported. A potential explanation for the decreased compliance is the transition from face-to-face meetings to weekly telephone appointments during the fourth month. We have previously shown that when a group of overweight and obese individuals undergoing a structured intervention were transitioned from weekly contact with research staff to no contact, the rate of weight loss slowed significantly. 27 The use of heart rate monitors increases awareness of the intensity and dose of exercise sessions for the user. Participants were provided with a target exercise heart rate training zone as well as a weekly ExEE goal to strive for. Anecdotally, several participants reported that exercising with a heart rate monitor allowed them to understand how hard they needed to work to burn a certain number of calories. In many cases, participants reported that their 'typical' walking pace was too leisurely and that having a heart rate zone to aim for helped them immensely. Participants were asked to enter the detailed information from their exercise sessions on a log because the monitors only keep a detailed record of the most recent session. However, an added feature of the heart rate monitor used (M32) is a memory function that keeps a running total of the ExEE achieved to date on the monitor. This function was used by the researchers as a way of verifying the detailed records provided by the participants. Other than resetting the running total and erasing the data completely, there was no way that participants could tamper with the ExEE total or data in the watch. The exercise physiologist checked this number on a weekly basis and followed up any discrepancies immediately. Participants were aware that the running total of ExEE was being regularly verified and therefore were not tempted to over-report their weekly exercise. It was evident from this study that heart rate monitors provide additional benefit for both the study participants in understanding exercise intensity and dose as well as for the researchers in having the ability to verify the exercise data collected.
While not without measurement error, heart rate monitors arguably provide more accurate estimates of ExEE than selfreport measures. 18, 19 A Bland-Altman analysis 26 indicated that the heart rate monitor provided reasonable group estimates of ExEE relative to indirect calorimetry, although error was evident at the individual level, a finding that is consistent with other heart rate monitors previously investigated in our laboratory (unpublished data). The implication of this finding is that researchers using heart rate monitors for large-scale lifestyle interventions can rely on the ExEE estimates made by the heart rate monitors. However, researchers who are more interested in individuallevel estimates of ExEE and/or require increased accuracy in the estimates of ExEE may opt to calibrate the monitors for each individual. This could be done using a simple submaximal treadmill protocol and indirect calorimetry, as was described in this study. This study concurs with previous work suggesting that exercise is an integral component to the success of lifestyle interventions aimed at weight loss, as exercise adherers lost significantly more weight than non-adherers (an average of 9.9 vs 4.1 kg, Table 1 ). [28] [29] [30] The theoretical weight loss associated with full adherence to the exercise component of the intervention would have been approximately 3 kg (1500 kcal Â 16 weeks ¼ 24 000 kcal, where 7700 kcal expended ¼ weight loss of 1 kg). As the adherers group lost in excess of this projection, it is likely that members of this group were concurrently adhering to the prescribed dietary restriction (À500 kcal day
À1
). This clustering of healthy behaviours is not a novel finding as correlation between the two behaviours has been observed previously. Achievement of the weight loss goal in the Diabetes Prevention Program was predicted by adherence to the exercise goal at the end of the core programme (OR ¼ 1.90, Po0.001) and at the final visit (OR ¼ 4.11, Po0.0001). 28 Exercise behaviour was significantly correlated with both weight loss (r ¼ 0.33) and reductions in energy intake (r ¼ 0.20) in a group of 104 women involved in a behavioural weight loss programme. 29 In this study, 31% of participants met both the exercise and weight targets. This is also consistent with previous work where 36% of a group of overweight women taking part in a lifestyle intervention made positive changes to both exercise and dietary habits. 30 The evidence base was summarized in a review by Hill and Wyatt, 31 which made the suggestion that exercise adherence may act as a strong predictor of weight loss success because it acts as a marker for compliance with other healthy behaviours.
To improve the success rate of lifestyle interventions aimed at reducing obesity and its complications, it is important to increase the understanding of why adherence to exercise prescription is so modest. Obese individuals may have different determinants of exercise adherence behaviour compared to their leaner counterparts, and it may be helpful to identify these factors in order to successfully promote physical activity. 32 We have previously shown that obese individuals display a greater heart rate response ( þ 15 bpm) than non-obese individuals when 'walking for pleasure '. 4 This is consistent with other studies that have highlighted the differences between lean and obese individuals in significantly older than non-adherers. The latter study found that older age was an independent predictor of achieving the 150 min per week exercise target at 1-and 2-year follow-up appointments. Similarly, older participants in the Diabetes Prevention Program were more successful at achieving both weight and exercise goals and hence experienced the greatest reduction in the incidence of diabetes. 13 The success of older individuals may be a result of fewer competing demands, higher awareness of the health complications associated with obesity and increased motivation to make changes. 28 Further research with more comprehensive physiological and psychological baseline measures may assist in the development of a prediction model to identify individuals who may require additional support throughout the intervention programmes. A limitation of this study is an inability to comment on the relative contribution of exercise and dietary restriction to weight loss outcomes. Accurate quantification of free-living ExEE and dietary intake is challenging and although this study can offer comment on the estimated contribution of ExEE to the weight loss observed, it cannot unequivocally state the proportion of weight loss attributable to exercise. Although it would be interesting to more precisely understand the energy balance equation, the important outcome is simply that healthy changes in both behaviours are required to optimize weight loss outcomes. This comment is substantiated by the earlier discussion of the known clustering of exercise and diet behaviours. This study supports previous work, which has indicated that promotion of both increased exercise and decrease dietary intake are important both discretely as well as collectively.
Lifestyle interventions aimed at reducing obesity and its complications typically include some element of physical activity in the prescribed programme. However, rigorous tracking of the actual exercise completed is less common. This study suggests an improved approach to tracking exercise adherence and uses that method to demonstrate that a group of obese women had a highly variable response to a lifestyle intervention programme. It also confirms previous findings demonstrating that exercise and dietary intake both play important roles in weight management. A positive outcome is that individuals who undertook the intervention as prescribed experienced expected levels of weight loss as well as beneficial health effects. However, a finding of some concern is that the majority of individuals demonstrated low adherence to the intervention. The ongoing challenge is therefore to develop strategies that accurately track the true adherence to lifestyle intervention directives and also to identify and assist non-adherers to ensure that interventions are successful for a larger proportion of individuals. The high variability in adherence within this group of obese women supports the use of objective monitoring of exercise in lifestyle intervention programmes. Failure to properly identify and provide support to nonadherers may lead to frustration for both practitioners and individuals alike.
